Internal mobility ratios in melts of the system (Li-NH4)N03 were measured with the Klemm method. Densities and electric conductivities of this system were also measured. From these data the internal mobilities &Li and 6NH4 were calculated. On account of the inevitable thermal decomposition of NH4NO3 the range of temperatures and concentrations was limited. In these the mobility of NH4 4 " is considerably greater than that of Li+. In contrast to other binary nitrate systems, the isotherms of the internal mobility of the larger cation distinctly decrease with a decrease of its concentration, in which the fact that NH4NO3, whose cation is moderately light though large in size, melts at relatively low temperature is reflected. The isotherms of &Li and 6NH4 and the temperature dependence are discussed on the basis of the autor's interpretation so far presented.
Introduction
In previous papers [1, 2] we have proposed a method for enriching 6 Li by countercurrent electromigration in which NH4NO3 is placed in a large cathode compartment while LiN03 is located in a separation tube connected to it. If the mobility of Li + were greater than that of NÜ4+, this method would not work because Li would enter the cathode compartment where isotopic mixing takes place. It was the main aim of the present study to ascertain that the mobility of NH4+ is greater than that of Li + in all accessible mixtures of the two salts.
It is known [3, 4] that in some binary molten salt mixtures with a common anion the larger cation migrates faster than the smaller one, particularly at high concentrations of the larger cation. At temperatures in the range of the melting point of LiN03 (~ 264°C) NÜ4N03 decomposes vigorously; for example, it has been reported that a 15 g NÜ4N03 sample looses 0.12% in 6 hr at 170°C and 15% in 40 min at 240 °C [5] . Thus this system is only relatively stable at low temperatures, i.e. low concentrations of LiN03 (see Figure 1) . We therefore had expected that NÜ4+ would be more mobile than Li + under all accessible conditions. The internal mobility ratios were measured with the countercurrent electromigration method introduced by Klemm. Since no data on the molar conductivities of this binary system were available, the densities and the conductivities were also measured in order to enable the determination of the internal cation mobilities. ) and conductivities ( ), and liquidus lines [7] . The lower line corresponds to the metastable state.
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Experimental
The chemicals LiN03 and NH4N03 (p.a. grade) were dried at 120 °C for about 10 hr under vacuum 0340-4811 / 82 / 0203-0134 $ 01.3 0/0. -Please order a reprint rather than making your own copy. before use. It was inferred from the generation of bubbles that NH4NO3 in mixtures with LiNC>3 starts to decompose slightly even below the melting point of NH4NO3
169.6°C). One of the decomposition products is water [6] . It is therefore impossible to completely dehydrize these melts.
In the methods employed in this study, the accuracy of the measurements of the densities and conductivities is affected by the evolution of bubbles while that of the mobility ratios is not seriously affected. Therefore, the highest temperature was about 185°C in the former measurements and about 210 °C in the latter ones. The lowest temperatures followed from the phase diagram [7] (see Figure 1 ). Since this system easily supercooles, some measurements were also done in this state.
The density was measured with the Archimedes method. A platinum bob (volume about 0.76 cm 3 ) was immersed in the melt and the buoyance was measured with a balance from which the bob was suspended with a thin platinum wire of 0.2 mm 0. The bob was put into the melt at the beginning of each measurement. In the measurements above ca. 140 °C the readings of the balance slowly decreased on account of adhesion of bubbles to the bob and therefore these readings were extrapolated to zero time.
The conductivity was measured with a cell of the type proposed by Kochinashvili and Barzakovskii [8] . The cell constant, as measured with a standard KCl solution, was about 140 cm -1 . The temperature of the cell was kept within =t=0.5°C by keeping it in a melt bath. The cell was shaken before each measurement to remove bubbles sticking to the capillary wall (internal diameter was 2 mm). The resistance was measured at frequencies from 1 to 10 kHz; the frequency dependence was not clear.
The electromigration cell for the measurement of the internal mobility ratios from the concentration changes near the anode was similar to that previously used for the study of isotope effects [9] . In a large cathode compartment NH4NO3 was added to a mixture of LiN03, NaN03 and KNO3. The presence of NH4N03 led to the evolution of gas at the cathode and prevented electrodeposition of metals. The separation tube (internal diam. 4 mm, packed with quartz powder) and the small cathode compartment were filled with a mixture of ÜNO3 and NH4N03 of known composition. The cell was made of Pvrex glass. At the relatively low temperatures of the experiments the Pyrex glass was not attacked by ÜNO3. Both anode and cathode were platinum wire of 1 mm 0. The temperature w r as kept within =j=3°C in most runs.
After electromigration of 6-8 hr, the separation tube was taken out, allowed to cool, cleaned thoroughly on the outside and cut into several pieces for chemical analysis. Flame spectrophotometry and the Kjeldahl method were employed for the quantitative determination of Li + and NH4 4 ", respectively. At least 3 trials were made for the NH4" 1 " ions of each fraction.
In order to check that chemical fractionation did not occur during the filling process and that evaporation of NH4NO3 at the top of the separation tube would be negligibly small, blank tests were also made twice, in which the tube was filled with a melt of a certain composition and kept in the cell for about 8 hr at 200 °C without electric current: the distribution of the chemicals had remained uniform.
Results
The density data for every composition can be expressed by a linear function of temperature. The results are given in Table 1 .
Since the range of temperatures was limited, the conductivities could be expressed by a linear func- Table 2 . Conductivities x = a' X 10 
where b is the cation mobility relative to the anion, and b is the average mobility, that is, b = p\b\ J r p2b2\ the subscripts 1 and 2 stand for Li + and NH4+, respectively. The measured values of £12 are given along with the main experimental conditions in Table 3 . The reproducibility is not as good as in other nitrate systems so far studied with the Klemm method, partly because of the thermal decomposition and partly because of the inevitably low current densities.
Discussion
The molar volumes calculated from the densities at 170°C are shown in Fig. 2 , where the density of pure LiN03 is estimated from that of the melt: d{g cm -3 ) = 2.068 -0.546 x 10 -3 T (T: temperature in K) [10] . It is interesting to note [10] , are taken from [11] and [10] , respectively, by extrapolation.
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that the linear extrapolations for pure LiN03 with respect to temperature and for 170°C with respect to concentration yield the same molar volume of a Active supercooled molten LiN03 at 170 °C. Reliable measurements of the density of pure NH4NO3 could not be achieved owing to the evolution of bubbles. The molar volume of NÜ4N03 at 170 °C extrapolated with respect to concentration is 55.10 cm 3 mol -1 ; this is in good agreement with 55.17 cm 3 mol -1 , which is extrapolated with respect to concentration and temperature from the values obtained in the system NH4N03-H20 [11] . This value for pure NH4N03 is comparable with the corresponding extrapolated values for pure RbN03 and TINO3, which are 56.32 and 53.60 cm 3 mol" 1 , respectively. The order of these values is approximately in accord with that of the Pauling ionic radii of these cations (Rb+: 148 pm, T1+: 140 pm, and NH4+: 148 pm).
The conductivity of pure NH4N03 was measured at 3 temperatures (see Table 3 ), and is in satisfactory agreement with very old values [12] . To our knowledge there are no literature data on the conductivity of (Li-NH4)N03 melts.
The molar conductivity of pure LiN03 at 170 °C, extrapolated with respect to temperature by use of the recommended values of conductivity and density [10] , is 1.38 X IO-3 Sm 2 mol -1 (&Li= 1-43 X 10-8 m 2 V" 1 s" 1 ). The molar conductivity of a pure NH4N03 at 170 °C is estimated from the present data to be 1.75 x 10 -3 S m 2 mol -1 (&NH4= 1.81 X 10-8 m 2 V -1 s-1 ). Thus, the molar conductivity of pure NH4N03 melt is greater than that of an imaginary supercooled LiN03 melt, whereas the ionic radius of an NH4+ ion is much greater than that of a Li+ ion. Such an inverse relationship has been found, for example, for some alkali fluoride melts [13] .
The molar conductivities of the present mixtures deviate negatively from additivity as in most of other binary melt systems.
As seen from Table 3 , £12 is negative at all accessible conditions, that is, the mobility of the NH4+ ion is greater than that of the Li + ion. The internal mobilities of these ions are calculated from 61 = (A/F) (l + p2 ei2), (2) where A is the molar conductivity, and F the Faraday constant. The isotherms of the internal mobilities of the two cations at 170°C are shown in Fig. 3 together with that of the average ones (5). For the evaluation of the isotherms of the two cations, 9 data of £12 in Table 3 ranging from 160°C to 180°C are adopted, since the temperature dependence of £12 appears to be rather small.
In a previous paper [14] , we defined the Chemla effect as follows: the difference of internal mobilities of two pure salts with a common ion changes sign on mixing in certain ranges of temperature and composition. This definition holds only if the two pure salts are molten at the temperature of the mixture. The following definition can be also applied in our case: in a charge symmetric binary system with a common ion, the mobility of the larger ion is greater than that of the smaller one in certain ranges of temperature and composition. According to the latter definition, the Chemla effect occurs at all coverable conditions under ambient pressure in the present system. Our general interpretation for this effect has already been given in previous papers [14, 15] ; in brief, it takes into consideration the motion of ions based on the assumption that the internal mobility is related with the separating motion of neighbouring unlike ions.
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In contrast to most other binary nitrate systems thus far studied, the internal mobility of the larger cation, i.e. the NH4 4 " ion in the present case, distinctly decreases with decreasing concentration. We have pointed out that two factors, acting in opposite directions, rule the internal mobility of the larger cation, namely (a) agitation of the shape of free space by the smaller and hence (in most cases) lighter cation and (b) decrease of free space with addition of the salt containing the smaller cation [14, 15] . It should be noted that free space is also needed, to some extent, for the agitation to be effective. In the present case, the mass of an NEU+ ion is moderately small and not vastly different from that of a Li + ion. Therefore, the addition of ÜNO3 to NH4NO3 would not result in an appreciable enhancement of the agitation effect. On the other hand, it will surely reduce the free space, which is small in melts containing Li + ions as main cations particularly at low temperature. This is also expected from the decreasing isotherm of the molar volume illustrated in Figure 2 . These would be the reasons why &NH4 decreases with decreasing concentration. In other words, the fact that NH4NO3, whose cationic species is moderately light though large in size, melts at rather low temperature is explicitly reflected in this isotherm of the internal mobility.
Some 10 years ago Moynihan [16] summarized the data on monovalent cation internal mobilities in mixtures with a common anion to produce two generalizations. One of them, mainly based on which the polarization model [17] is claimed [16, 18] , is as follows: an increase in the mole fraction of the salt with the larger cation will result in a decrease in both cationic mobilities. The system (Li-K)2S04 is an exception (6k decreases with decreasing px [19, 20] ), as pointed out by himself [16] . Also alkali fluoride systems such as (Li-Na)F, (Li-K)F and (Li-Cs)F have been assumed to be exceptional cases [13] . The present system gives rise to another clear exceptional example. The polarization model could not explain these "exceptional" cases.
As for the internal mobility of the Li+ ion, the imaginary bu seems to decrease with decreasing concentration of Li+ in the high concentration region, as in other binary nitrate systems. In the low concentration region, the isotherm appears to be nearly horizontal. Such a trend has been observed also in the system (Li-Na)N03 [15] , which could not be accounted for in terms of the polarization model. This would be mainly due to the movement of NO3-ions, which is facilitated by an increase of free space with a decrease in Li+ concentration, since the agitation effect does not decrease so much by the replacement of Li + ions by moderately light cations such as NH4+ or Na + ions.
It has been found [15] that &Li in the system (Li-M)N03 (M = K+, Rb+ and Cs+) is well expressed V is the molar volume, T the temperature and R the gas constant. If this is applied to the present system, the &Li's at 170°C are, for example, 0.86 and 1.04 x 10" 8 m 2 V" 1 s -1 at pli = 0.25 and 0.50, respectively, whereas they are estimated to be ca. 1.10 and 1.15 X 10 -8 m 2 V -1 s _1 , respectively, as seen from Figure 3 . Thus, &Li in the present system is greater than expected from (4), particularly at higher concentration of NH4NO3. This is another consequence of the above stated fact that &Li is nearly constant in this concentration range.
For pure LiN03 the value &Li = 1.74 x 10-8 m 2 V-1 s-1 expected from (4) deviates positively from the Active "experimental" value of supercooled LiN03 &Li = 1.43 X10 -8 m 2 V -1 s _1 . This seems reasonable, because even at higher temperatures in pure LiN03 or at high concentrations of LiNC>3 in other systems deviates negatively from the values expected from (4), probably owing to the fairly small freespace [15] .
For the purpose of learning the temperature dependence of £12, 21 data (Run No. 14-34 in Table 3 ) at the concentrations 0.239 ^0.295 are selected for plotting against temperature (Fig. 4) , since a relatively wide range of temperatures can be spanned around this concentration range. It seems that the absolute values of £12 tend to increase slightly with temperature. This trend can be expected, since the expansion of the free space due to an increase in temperature is more favourable to the movement of NH4+ than of Li+ ions.
Conclusion
The Chemla effect occurs under all accessible conditions in the molten system (Li-NH4)N03. Therefore, as far as their mobilities are concerned, there will arise no problems in the previously proposed method for enrichment of 6 Li.
The isotherms of the internal mobilities of the two cations present rather strange features. (1) The internal mobility of the larger cation is greater than that of the smaller one even in their respective pure salts if the mobility of Li + is assumed to be that of an imaginary supercooled LiN03 melt. (2) The internal mobility of the larger cation decreases with decreasing concentration. This reflects the fact that NH4N03 melts at relatively low temperature and that the NH4 4 " ion is moderately light though large in size.
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